. 31 It should be emphasized that the liver contains a cell population heterogeneous with respect to cell type and rate of growth.
An optical method has recently been developed for examining the composition of base-paired regions in DNA and RNA.' The method depends upon the measurement of the optical absorbance of the sample, at many wavelengths in the ultraviolet region, as it undergoes thermal denaturation. From the observed dependence of absorbance upon wavelength and temperature, together with some assumptions which will be reviewed below, it is possible to deduce the fraction of A-T or A-U pairs2 and of G-C pairs denatured as a function of temperature. This provides information about the base composition of independently denaturing regions in the polynucleotide.
This optical method has already been applied to a sample of yeast sRNA heterogeneous with regard to amino acid acceptor activity;' the analysis of this material revealed that the longest ordered regions present had a very high G-C content, but it was not possible to determine whether the properties observed arose from intermolecular heterogeneity, or from the heterogeneity of independently denaturing regions within each molecule. In this paper the results of application of the optical denaturation analysis to a purified serine acceptor sRNA from baker's yeast are described. With very few assumptions, the analysis reveals the presence of independently denaturing regions containing about half of all the G-C pairs in the molecule and at most one A-U pair. Information about the base composition of other regions is also obtained.
A tentative base sequence model has recently been proposed3 for purified serine sRNA from baker's yeast. This model represents an attempt to combine the results of the analysis of oligonucleotide sequence frequencies, obtained by specific enzymatic digestion of sRNA, with other data derived from physical and enzymatic studies of the secondary structure of sRNA. The principal features of this model ( 1. A tentative model previminus5 6 which is hydrogen-bonded to the ously proposed3 for serine sRNA from terminal pGp, common to most sRNA's;7, 8 a partial base sequence analysis with the and (c) the base-paired limbs being joined assumptions described in the text. by a loop structure in the center of the chain, which contains the three IU, thymine, and dimethylguanine found in serine sRNA; it also contains a triplet, complementary in composition to one of the codons for serine; this triplet will be called here the "nodoc," on the assumption that it is involved in the coding properties of serine sRNA.
The results presented below include a comparison of the optical analysis with this tentative base sequence model, though the analysis cannot lead to a unique structural determination. It will be shown that when the total numbers of A-U and G-C pairs appropriate to the model given in Figure 1 are introduced into the calculations of the optical analysis, the base compositions of independently melting regions derived are consistent with existing base-paired regions in the model.
Experimental.-Serine sRNA was prepared by the method of Tanaka, Richards, and Cantoni9 and rechromatographed one or two times in the partition chromatography system described.'0 The model shown in Figure 1 is based on enzymatic digestion of serine sRNA and chromatographic procedures described elsewhere.", 12 The question of the chemical purity of these samples has been discussed elsewhere,3 and places the same limitations upon the optical studies as have been placed upon the sequence studies. The optical analysis refers, of course, to this highly purified, but not perfectly pure, material.
Denaturation studies were carried out either with the apparatus described previously,' or with a new automatic thermal denaturation instrument to be described in detail in a future communication. '3 The latter instrument, designed around a single-beam Optica spectrophotometer, records the optical transmission of samples at a series of programmed wavelengths and temperatures, using a digital voltmeter and punched paper tape output. The data are processed by a digital computer which makes corrections for thermal expansion of solvent, solvent blanks, and cell blanks, and calculates the array of elements Eii required for further analysis, as described below.
Basic Assumption.-It is assumed' that the increase in absorbance, Eij, at any wavelength, i, and temperature, j, is given by Eij = fAUJi3AUi + fGC,3GC, = fAUjEAUiMAU + fGcjEGCiMGC,
where fAui and fGc, are the fractions of all A-U and G-C pairs melted at temperature j, /AU. and IGCi are the total absorbance changes contributed at wavelength i by all the A-U and G-C pairs, respectively, when they go from the native to the denatured state, EAUi and EGci are the corresponding molar absorbance changes, and MAU and MGc the molar concentrations of base pairs. It is implicitly assumed that only A-U and G-C pairs are formed. The validity of this assumption is supported by the findings of Fresco. 14 It should be clear, however, that neither small amounts of unorthodox base pairing nor additional short unpaired regions would be detected. Equation (1) states that the contributions of A-U and G-C pairs to the hypochromic spectrum are additive. This is equivalent to assuming that each base pair makes a contribution to the total hypochromic spectrum that is relatively independent of the neighboring base pairs. Recent studies, using a model in which nearest-neighbor interactions are included, have shown that in the case of DNA the It can be shown' that the set of (AU) (squares). The circles show the result for parameters which are the average obtained equations symbolized by (1) is suffifrom these two model compounds.
cient to determine uniquely the fj and Ej once values of EAUi (or EGCi) have been chosen for any two wavelengths, and the value of MAU is specified.
Results and Discussion.-It is necessary in order to proceed with the analysis to make specific assumptions regarding the value of EAU, for two values of i, and of MAU; these assumptions are described in detail in the following section. It is not necessary to make assumptions at this point about the number of G-C pairs or their contribution to the spectrum or about the nature of the A-U spectrum aside from values of the molar hyperchromism of A-U at 250 and 260 mjA.
Choice of the values of EAUj: In the present analysis, the A-U spectral contributions per mole at 250 mju and 260 mj are fixed by assuming that they are the same as in the poly(A-U) homopolymers. Since these values are somewhat different for poly(A + U) (one strand of poly A-one strand of poly U) and for the alternating poly(A-U) (both strands... pApUpApU... ),15 the analysis has been carried out using both sets of parameters, as well as the mean of the two sets (Fig. 2) . It is apparent that the shapes of the denaturation curves are relatively insensitive to this variation in the spectral parameters.
Choice of the value of MAU: The number of A-U pairs per sRNA molecule (and therefore the value of MAU) was chosen by reasoning identical to that used in constructing the serine sRNA model, namely, maximal base pairing was assumed, with the exclusion of the -CCA terminal adenine and two adenines assigned to the "nodoc." There are therefore 11 A-U base pairs per serine sRNA ( Fig. 1 ), at unspecified locations. Though the choice seems an appropriate one for comparison with the model, it must be emphasized that the shapes of the A-U and G-C denaturation curves depend only weakly upon the exact value of this parameter. It is found that the introduction of a larger amount of base pairing (e.g., the maximum value, 14 A-U pairs) has very little effect upon the denaturation curves, resulting in changes of the order of 10 per cent of the magnitudes of the numbers in Table 1 . The presence of a number of A-U pairs smaller than 11 also has little effect upon the denaturation curves, but another consideration imposes a lower Table 3 were obtained changes in the per cent of both A-U and G-C deusing the average values of EAU2D and EAU260 correspondnatured in the interval are greater than 9%, to reduce ing to the circles in Fig. 2 limit: if a number of A-U pairs smaller than about nine is postulated, it becomes necessary to ascribe an unreasonably large part of the observed hypochromism to G-C pairs. Denaturation curves: The results of analysis by the methods described above are shown in Figure 2 . The fractions of A-U and G-C base pairs denatured are plotted as a function of temperature, for the three assumed pairs of values of EAu,50 and EAU260. These curves contain information concerning the nature of the basepaired sequences in serine sRNA. First, we observe that the A-U pairs exceed 90 per cent denaturation at a temperature at which the G-C pairs are only 50-60 per cent denatured. Since we have assumed that there are 11 A-U base pairs, this means that 40-50 per cent of the G-C pairs are in an independent melting region (or regions) containing at most one A-U pair. At lower temperatures, where both A-U and G-C pairs are being denatured, the function R = A(% A-U)/A(% G-C) provides information about the base compositions of the denaturing regions (Table  1) . At least two different classes of values of R can be obtained. The precision of the data justifies division into two classes, but not more, though more may exist. Assuming that there are only two, then the data fall roughly into one class with R = 2.8 for per cent A-U denatured < 35-40 per cent, and another with R = 1.5 for per cent A-U denatured at 40-95 per cent ( Table 2 ).
All of these results have been obtained only with the assumptions of equation (1), and the values of MAu, EAU2SW and EAU26O. To convert per cent G-C to absolute numbers of base pairs, however, further assumptions must be made. It has already been assumed that there are 11 A-U pairs per molecule. We now introduce this assumption again in order to convert from fractional terms to results expressed as the number of A-U pairs in each region. In this conversion, a 30 per cent error in the total number of A-U pairs assumed will obviously result in a 30 per cent error in the number of A-U pairs assigned to each region, so that the specification of an exact total number of A-U pairs is more restrictive at this point than it was in the earlier calculations. If we now add the assumption that G and C are maximally paired with the exception of one terminal cytidine residue and another in the "nodoc," then there are sixteen G-C pairs, and the composition of each region can be calculated. The results are shown in Table 3 ; the region which denatures last contains 7-9 G-C pairs, and either zero or one A-U pair.
The method used.here does not in itself lead to a determination of the number of discrete regions of a given base composition; the region containing about eight G-C pairs might be two regions, containing four G-C pairs each, and separated by random coil or A-U-containing regions. Other considerations, however, make it appear quite likely that the G-C-rich region is single and continuous: sequences containing only four G-C pairsl6 would have a lower mean denaturation temperature than the 750 observed, and would tend to melt cooperatively with surrounding regions. We conclude that there is probably one essentially pure G-C region, and certainly no more than two, containing a total of 7-9 G-C pairs.
Using the values of R given in Table 1 , and the assumption of 16 G-C pairs, we also obtain the base compositions of the regions containing both A-U and G-C pairs. If there are only two regions, the first has an A-U/G-C ratio of about 2, while the second has a ratio of 1. Since the first region contains 30-40 per cent of the A-U pairs, it contains three or four A-U pairs and two G-C pairs. The second region therefore has 6-8 A-U pairs and 6-8 G-C pairs. It is important to note that if there are in fact more than two independently melting mixed AU-GC regions in the sRNA, they could still be grouped into two classes with these total base compositions. Table 3 also contains a summary of the base sequence in serine sRNA deduced from the tentative model shown in Figure 1 . The evidence upon which this structural model is based may be reviewed briefly as follows:
( (2) The conclusion that there is only a single base-paired region is based on the studies of Nihei and Cantonil2 on the effect of snake venom phosphodiesterase digestion on the hypochromicity of sRNA. While these results do not rule out brief interruptions consisting of loops of one or two bases, such as have been proposed by Fresco, 19 in the continuity of the base-paired region, such minor imperfections would not have a significant effect upon the structural model proposed.
(3) The axial ratios of sRNA molecules indicate marked asymmetry in the molecule20 and the results of electron microscopy studies support the notion that sRNA molecules are rod-like structures, 100 A long X 20 A wide.2' (4) The well-known resistance of sRNA to enzyme digestion has been correlated in a number of studies with ordered secondary structure of sRNA.22-25 (5) The uneven distribution of methylated purines and pyrimidines, IU and U, with their relative concentration in the center of the chain found earlier for average rabbit and yeast sRNA has been verified for serine sRNA. 26 As noted above, the base sequence shown in Figure 1 was arrived at by finding the best fit for the partial frequency data provided by enzymatic digestion of serine sRNA with pancreatic and T, ribonucleases alone or in combination, and with snake venom exonuclease.3 The agreement between the model and the optical denatura-tion results shown in Table 3 is quite good. It is reasonable to ask, at this point, how much the spectral results depend upon the assumptions, and particularly whether the common assumption about base-pairing is responsible for the agreement between the methods. It will be recalled that it was necessary to make an assumption about the total number of A-U pairs in order to obtain the results shown in Figure 2 and Table 1 . It is a consequence of the mathematics27 of equation (1) that the shape of the G-C melting curve (the values of fGc) depends only upon the ratio assumed for 3Au250//Au260, and not upon the magnitude of either. Fixing the magnitudes of these two parameters determines the shape of the G-C hyperchromic spectrum (8GC) and of the A-U melting curve (fAu), but the latter is such a weak function of the magnitudes that, as we have pointed out, the results in Table  1 are unlikely to contain a major error even if an error of 425 per cent has been made in estimating the number of A-U pairs formed.
It is thus only the transition from the results in terms of per cent of total base pairs (Table 1) to those in terms of absolute numbers of base pairs (Table 3) which is sensitive to the amount of base pairing assumed. Even here, however, the spectral results circumscribe the range of "reasonable" assumptions, since if we assume that there are fewer than 11 A-U pairs, then a larger portion of the hyperchromic spectrum must be ascribed to G-C. If the G-C hyperchromic spectrum in sRNA is at all like that of the synthetic polynucleotide, poly(G + C), then the latter spectrum provides an upper limit to the magnitude of the G-C contribution to hypochromism in sRNA. Table 4 shows the spectra deduced for A-U and G-C using the assumptions described above. They are compared with those for the synthetic polynucleotides. The A-U spectrum agrees rather well with the mean of the poly (A-U)spectra. In the case of the synthetic poly(G + C) spectra, two rather different sets of values have been reported,28 29 and both are shown in Table  4 . Table 4 gives comparisons only of the shapes of hyperchromic spectra. The agreement among the spectra of poly(G + C) is not good. In part, this may be the result of making the comparison at wavelengths at which absorbance is changing rapidly with wavelength, so that small shifts in the position or shape of, the spectrum have a large effect upon the absorbance. It should be noted that the t Spectrum I is poly C + (Gp)4; 28 Spectrumn II is obtained by melting a random copolynier of G and C.29 The G-C spectrum exhibits a sharp minimum between 260 and 265 m1Ab and fairly sharp maxima at 245 and 275 lmp.
Therefore, small shifts in the spectrum arising from perturbations may have considerable effect upon the values observed, and comparisons between calculated and observed spectra must be made cautiously.
itNo further assumptions are made concerning the values of EGci (see text).
differences between the two experimental results may arise from difference in the secondary structure of the polymers, namely, that the polymer used to obtain Spectrum I was poly C + Gp4, whereas spectrum II corresponds to a random copolymer (poly(C-G)). To deduce the absolute magnitude of the hyperchromism requires a molar extinction value, but the molar extinction values for poly(G + C) hyperchromism are in doubt because the reaction between the two homopolymers may not be complete. Lipsett28 estimates that the reaction is more than 80 per cent complete in the case of the complex she studies. Assuming that Lipsett's estimation is correct, one may compare the integrated intensity of her hyperchromic spectrum with that obtained from the values of EGCi for serine sRNA. The integrated intensity per mole of the G-C hyperchromism in serine sRNA (assuming 16 G-C pairs) is about 20-30 per cent greater than that calculated from Lipsett's data for poly(G + C). It thus seems unlikely that the number of G-C pairs is much smaller than 16. The denaturation study has been carried out under varying conditions of ionic strength and sRNA concentration, and results similar to those shown in Figure 2 have been obtained. Minor variations in the characteristic melting behavior of A-U and G-C pairs have been observed, often attributable to incompletely formed helix at the low end of the curve because the starting temperature was too high, or incomplete denaturation because the final temperature was too low.
The only major variation was found in one set of experiments in 0.1 M NaCl, in which the two A-U containing regions appeared to melt as a single unit, and the pure G-C region appeared to contain one less G-C pair, a result which may be explained by the more cooperative nature of transitions at high ionic strengths.
Discussion.-It should be noted that the advantage of the analytical method used here is that it obtains a best fit to the denaturation data with the minimum possible number of assumptions about the spectral contributions of the A-U and G-C pairs: it is not necessary to assume more than two points in the A-U spectrum, and nothing is assumed about the G-C spectrum. It would have been possible, of course, to assume that the shapes of both the A-U and G-C hyperchromic spectra at all wavelengths were those of the pure synthetic polynucleotides, and to find the best fit to the data with those additional constraints, but the use of equation (1) is still required. Furthermore, though the poly(A + U) hyperchromic spectrum is well known, it is not clear at present which of the two poly(G + C) spectra reported in Table 4 is preferable. To a certain extent, the insensitivity of fAu and fGc to the exact spectral shape assumed will probably reduce the importance of the selection, but it is more desirable to obtain the least square solutions to equation set February 24, 1964 The mechanism of DNA synthesis still eludes our understanding, even though all the components of the reaction are known and can be used to produce DNA in vitro. We know that pre-existing DNA is essential, that it is bipartite, each part being separately conserved' in the replication process, and that it performs a template function. But the structure of the active template and the manner in which it transfers its information have not been established. This paper deals with some first steps toward the characterization of the template. At that journey's end one can anticipate a new view of the mechanism and control of information transfer.
Some time ago we noted the discovery in bacterial lysates of a denatured DNA component that seemed to be related to DNA replication.2'3 Since then we have found that the true in vivo form of this DNA is metastable; depending on the conditions under which the cells are lysed, it is converted either to the so-called native form of DNA or to a denatured form. We are primarily concerned here with demonstrating the existence of DNA in the metastable state, and its probable template role in the synthesis of DNA and perhaps also RNA. Both bacterial and mammalian cells have been studied under a variety of growth conditions. A more detailed consideration of the properties of the metastable form of DNA will appear in a subsequent communication. 
